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FOREWORD

This report was prepared dy the Department of Metallurgy of
the Ohio State University as su astivisy of the Ohlo State University
Research Foundation under USAF Contract A¥18(600)-9%. This research
and 2evelopment project is identified as RDO No. 477-645B, "Metallurgy
of Bocron in Isor and Steel." Ths jrojsct wes administered unds:r tze
direction of the Netsilurgy Reéseairch Braach, Aercnautical Remearch
Laboratory, Pirectorate of Researoh, Wright Air Development (enter,
with Mr. James ¥, Poynter aciing as project engineer.
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ABSTRACT

The effect of dboron on the relative interfacial tension of gamma
iron irn two commercial ateels is stulied by means of thermal etching
teckniques. Ia each case, boron effects a mersurable reduciicon in
interfasial tenricn, although the dlfferences in the average groove
angles mear-9d do not appear to be statistically significant. The
data indicats a positive tempsratura cosfficlent for adacrption of boron
to the grain boundsriem. In ths rangs of 0,20 %c 0.0 percent, carbon
has essentially no effect on the degres of reduction of the interfacial

teneicn by Vveron,
PUBLICATION RiSVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER

SLIE B. WILLIAMS
olonel, USAF
Chief, feionautical Hesearch Laboratory
Directorate of Hesearch
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i INTRODUCTION

There ares sufficient arguments and evidoncol'2'3'b to indioate
that boron should be sdsorbed to existing austenite grein boundaries dur-
ing the muetenitizing treatment. Accordingly, it is possidle that boron
contridbutss to the Lardenadility of heat treatable steele by the reducstion
of tha interfacial energy of sustenite grain houndaries, av which sites
ars nuclesated heterogenesously the decomposition products cf austenite.
Such a reduction in interfscial energy would reduce the total energy that
can be borrowsd in these heterogeneous nucleatiosn proceases and thue re-
tard the initiation of transformation.

This investigation was undertaksn to aitempt to determins the
effect of beron on this interfacial tention in commercial steels, It
was realized that in the present state of knowledge, only relative values
of the interfacial tension of gamma iron could be estimated. However, it
is believed that such & study, desplite its Csficiencies, is justified to
detersine if doron produces a measureahle effect on the interfacial tension
and the relative magnitude of this effect, thus esiablishing whether or
not horom ia "eurface 2otive" in iron (i.e., 47 boron is significantly
adsorted to grain bdoundaries).

I

REVIZY OF PREVIOUS WOHK

The mechanism of thermzl etching was uvsed iu ¢this investigation
to allow the austenite grain bouadaries to develop grooves, tho angles
formed belng the equilibrium shape for esch ismperature used. Conceraing
$his machanism, Shuttleworth® believes $hat atomic migration over the
surface of the metal is the principal factor ieading to the formation of
thermal etch patterns. Xvaporation of atoms from the surface is another
contridbuting cause, more important at high temperaturee than at low, but
$he activation energy for an atoa to evaporate is mmch greaicr tian that
required for an atom $0 migrate over the surface. Ths presence of an
inert gas surrocuniing the sa=ple may assist the formation of boundary grooves
and other markings, as the evaporating atoms are reflected bnck dy the gas
moleculss, This process of evaporation and condemsaticz weuld lead eventu-
ally to the same surface configuration as that prediced by atomis =igravion.
In a vacunm, the absence of gas molecules would prevent condensation eof
svaporated atoms; the resulting preocess would be 2 strippiug of atomic lay-
ers, vhich of itself would not produce boundary grooves,

Olney6 believes, bhowever, that in the early stages of thermal stok-

ing, the loss oi atoms by evaporation may well be gZroeater at the brundaries,
i.e., at pointe initially of high energy than at the sxposed grain surfecas,

WADC TR 54=-150 1




Unde: these conditions, not until the equilibrium surface has formed will
the strirping of atomic laysrs take place uniformiy over the metal sur-

face,
Regardiless of the mechanism, Shuttleworth’ and Graemccgh and n:;"

regarded the phenomena of thermal etohing as zn adjustment of & surface
to minimum free energy. If ve heat stch s metal sample, we vould find

$he following surface configuration:

£y )7
e peam 0
Vapor
Ky, = free energzy of Surface A
\" /
/4 6: N oC B Ep = free energy of Surface B
£ interface

‘\*‘./
¥,p= free enerzy cf
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The relationship between intsrfacisl ensrgies and respsctive angles ia

e

given Yy
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If the sssumption is mads that the free energy of a grain surface is inde-

pendent of the orientation, then equatiorn (1) reduces to

z; ; =2é (0523: where bs=tLy=Lg

If equation (2} is applisd to an Aurtenitic region, then
4

—

Eipterfozial = 8Ly cos
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If the value of Bp,, the surface tension of gammm iron, is knowa or can
be ocalculatsd, ths: the interfz20iil energy can be calculated by determin-
ing $he value of the equilibriws austenite groove angles formed by thermal
etckhing,

In seeking 3 practical method for deteimining the sustenitic graia
boundnry groove angles, the methods of microtopography desoribded by
Chalmers® were investigated. It was thought that this method could not
be acocurately adapted to this work, since the groove angles were so saall
and the necessary equipment was rot immidiately avaiiadle,

Bnttner, Udin, and Yulff? found the absclute interfacial snergy of
zold by heat etching fine wires and examining ths groovc angles formed by
a goniometer attachment to & metalliurgical microscope, Censilerable error
was found in dstorminipg the positions of the light spot travercing the
heat etohed groove., This method was not sonsidered to have suilicient
saccuracy for it was thought that the diffsrences in the groove apgles for
the tteels nzcd would de amall, Also, this method requires the use of
wires while only cylindrical samples were availatle in this investization,
Hassl0 gtates that at the present time some method of optical measurement
cf the zreove anzies 1s the moat applicable, This includes liquid-aclid
configurations, interfaces &nd viewing of neariy izgi0® Jumctions ¢f grain
boundaries.

In the work of Greenough and nng7 on the grala boundary emergy of
silver, thyy ucsd £ method of messuring the groove angles consiasting of
plating pure silvar on the heat etched surface and sectioning normal to
this surface to obtain ths shaps of the groove; the angle was measursd by
aschanical means or frok photoalcrographs. ZThey 2lso used a revolving
stage <n a misroscops with & small light team, similar to ths apparatus
used by Buttaer, Udir, snd Wulff 9 After investigating a method of plating
the asteel samples, ths method of nickel plating and sectioning normal to
the heat etched surface was chosen as the one meat suited to this problem,
Also, Bailey and Watkinsll thermally etched polycrystalline specimens of
copper in various atmospheres &% two different temperatures, They then
prepared metallographic sections normal to the etchod surface and, assuming
that the groove angis was constant for any given condition of thermal etch-
ing, found a value for this angie by measuring a seleciion of ithe smallest
&roove angles seen in the rection. They found that the angles were smaller
at the lower temperatures, which i{s to be expscted,

Dann &nd Lioneitil? determinsd the effact of orientetion on grain
boundary energies by grovwing crystals of silicon ferrite, with 3.5 percent
silicon, of different orientations forming almost a 120 degree junction,
They FTound that a 44f aa in orientation of 30 degrees and below showed

C s surface tensions. This is to be expected to

oo
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a certain extent, sinoce ai sero orientatiocn differencs ths grain doundary
would disappear. Also, Aust aind Chalmersl3 found that in tin the energy
of the crystal boundary was not independent of the orientation of the
neighboring cryatals, This was true for orientation differences of 6 de-
Zraes and belew, Above this wvalue, the energy was sssentially the same
for varying orientations. This work was done on seed crystals of varying
orientations and the angles were measured at grain junotions. Dunn,
Daniels, and Baltonl# in determining the eoffect of oriertation on tho rel-
ative grain doundary energies in silicon iron, found results similar to
thn work done previously by Dunn and Licnetti.l2 They foumd that there was

a rapid rise ia grain boundary energies up to orisntation differences of
30 degrees,

= a ms xgea Y & s sew. _a__ P . i -l onll e
Ixeunye and Smith*~’ measured dihedral angles between Jolning gains
iz sluminus aad copper

copper alloys by allowing tin rich liguid layers to foram

at grain Junciions, After annealing, they meesured the dihedrsl angle
Zormed by the tin by using a micrometer eyepiece mounted on a metallogreph,
The distridutions of the dihedral sngles were detsrmined for various amounts
of cold work and annealing time, Using these values, they found relative
interfacial energies for changes in temperature and composition, The shape
of the distridbution plots was not too differeat from distridbution plots
found in this iavestigation,

Searsl6 developed a method from which he determined the sbaolute
izterfacial energy for copper. He polished one énd of a cylinder of OFHC
copper, placed it in a furnace, and covered the polished end with lead dust.
After heating 8 hours at 800 degrees C, the cylindrical samples were cooled,
copper plated, sectioned, and polished normal to the lead eurface, The
dihedral angles were oslculated from the lengths and thicimesses of the
lenticular lead drops, Finding the values of these angles consistont, he
determined the absolute interfacial free enargy for copper-coepier.

The publication, "Imperfections in Nearly Perfect Crystals,"l? groups
together methods of evaluating surface and interfacial tenaions. These
methods consist of measuring angles formed by grain junctions, interfaces
betwesn 80lid and liquid metals or compounds, and thoss anglez formed »y
thermally etched greim boundary grooves, Each his advantages over the
other, depending on the materisls being studied., Van Vlackl® measursd the
energy of the interface bdetween two immiscible liguids, copper and copper
sulfide, by the capiliary method, then equilibrated this surface with gamma
iron and nltia.tely determined the grain boundary snergy. The calculated
value of the imterfacial tsusion for anmma iron wao R‘n "“-- per cantli_
meter. This value will be ussd later in calculating tho relative surfacs
tension of gaame iron, as suggested by Smith 1l

JI1 EXPERDINENTAL PROCEDURE

The thermal etzhing ¢f specimens was conducted in a 7acuxu furnace
designed to operate up to 1900°F at pressures of 10~6 == of Lercury or
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less. The vacuum wes sdequate to prevant any discerrible oxidastion of
the steel epecimens, Tempsrziures vere messured by umesns of a platinum=

platisum, 13 rhodium thermocouple.

After thermal etching at the desired temperiture aand time and cool-
ing ia vasuma o iss= tamperaturs, the etcohed suyrfane of the specimen was
aickel plated to preserve the gréain boundary grooves during the metallo-~
graphic sectioning of the specimen necessary in measuring groove angles.
The electroplating dath consiste of nickel sulphate, 680 grams/gal; ammc:z-
ium chloride, 93 grams/gel; boric acid, 113 graas /gal. The operating
conditicus of the plating prooess are the following: ocurrent density,

30 amps [sq £t; temperature, 50-60°C; pH of 5.6 to 5.9, EHydrogen peroxide
was used as & weiting agent for the sample. An 2lkaline cleaning solu-
tica was ues3d, compoaed of 30 grens of sodius cardonate, 15 grams of
tri-sodiua phosphate and 7.5 greams of sodium hydroxide in one liter of
water, A typloal niokel plated graln boundary groove is illustrated in

Figure 1.

o

B,

Pigure 1. Typical Grain Boundary Groove Prcoduced
by Thermal Etching, 1500 ~ Rital Ztch

The nickel-plated specimens were mounted in dakelitis so that the
plated, heat-etchod surface was perpendicular to the anvil of the mc nting
press. 7Thas, when the mounted sample wasz pelished, the polished surface
wae perpendicmlar to the surface previocuely heat etched, These mounted
epecimens were polished by siandard mstallegrerhic tcchmiguae awnd etchad
in thras psrvéat =itel. After eramiwing the surface, the npecimen was

Tepsasedly sround and polishad to expose many grain boundary grooves for

neasuremsnts,

i sagnifioation of 1500X was used im sasuriag the angle formed by
the grair boundary greoves., A filar eyepiece w¥2= used to medsure both ths

YADC TR 5k-150 5
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width and depth; the angle vas then calculated dy trigonometric relatioens,
To mimimize errors of the instrument and those due to the eye, five values
of the vidth and depsh wero taken and avoraged %c givs the walue of the
width and depth for each groove messured., Une hundred grooves Wers meas-—
ured for sach sample to give a dietribution of the angles aad give a good
estimats of the average valus of the groove angle for cach sample,

In this investization, two sets of eteels were used to odbtain the
roquisite data. The mxiching steelc vere produced by splitting the heat,
i.0,, the base stael wes divided and boron vas added to half the heat im
thé form of Grainml Ho, 79. The siteels and thsir compositicms, supplied

by The Repudblic Steel Corporation, are listed in Tadle I.

TABLE I

Steel Compositions

2ype C _Mp P S 53 Bi Cr Mo B
AISI 8740 0.396 0.88 G.015 0,019 0.31 0.5 047 0.25 0.0C
AISI 87B&O 0.395 0.8 0.015 0.019 0.3X1 $.54 0.42 0,25 0.0017
AISI TS 8117 0.198 0.81 0.018 0.029 0.23 0.26 0.%41 G.11 0.00
AISI TS 81B17 0.200 0.81 0.018 0,029 0.23 0.26 0,41 0,11 0.0011

It was found that at a temperature of 1830°F, 8 hours ware required
to producs &r equilibratod surface; heat etching at temperatures of 16057F
and 1650°F required 24 héurs to produce the desired equilibrated surface,
The AISI 87B40 and AISI 8740 stezls ware hast atched at both 1830° and
1600°P; the AISI TS 8117 and AISI 7S 81B17 stssls wsrs hsit stohed at 1850°F,
the recommended sustenitising temperature, The samples employed were disce
3/4 inch in diemetsr and 3 /4 inch thick. One end of ths specimen was tapped
to £it ths sa=ple hslder of the furnace. The other end of the disc was
ocarefully polished prior to thermal etching.

IV EXPERINENTAL RESULTS

Tigare 2 is a bar graph of I{requency of occurrencod Yersus groove
angle in degrees., showing the distribution of the groove angles for beronm
stesl AISI 87B40 heat atched at 1830°F. The mean value of the groove angle
is showa to be 147.13°,

The bar grapn of Figure 3 shows the diastributisn of gzroove angles
for boron-free steel AISI 8740, also heat etched at 1830°FT. The mean value
oi the groove angle is showa %0 be 145.93°, Comparing Figures 2 and 3, we
see that the mean austenitic groove angle for the boron steel is 1.2° great-
or than ths mean groove Angle foxr the boron-froe steel,

WADGC TR S54-150 6
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Figure i+ is a ber graph shoving the distribution of graove angles
for boron steel AISI 87B4O heat etched at 1600°7, The mean valus of the
angle is indicated as 144.,20°., The bar graph in Figure 5 shows the distri-
bdbation of groove angles for borom=free steel AISI 8740 also heat eished
at 1500°F. The mean value is shown to be 143 .49°, Cemparing the grephs
of Tigares & and 5, ve see that the mean austenitic grain boundsry groove
angle of the boren steel is 0.71° greater than the mean groove angle for
the boron-free steel,

Tigure 6§ 1in a dar graph indicating the distridution of asustezitic
groove angles Ior doron s2tsel AISI TS 51817 heat eiched at 1650°F. A mean
value f¢r the groove angle in shown to de 154.28°, The bar grapb of
Pizure 7 shovs the Adistrihution of greove angles for boron~iree sveel
AISI 78 8117 heat eschad a4 1550°7 Tha mean value for the groove angle
is shewa %0 de 1h3.52°, Comparing $he 4istribution plots of boroa anmd
boren-free steels of Figures 6 and 7, ve ses that the m2an groove angle
of boron steel is 0,.56° greater than the mean angle for boron-frev stesl,

served for the groove anglss of the bdoron and boron-fres steels, the
standard deviation, O', was calculated by using the expression

[ o yv:R
g =\; £X~ _ -2
V 7 X (%)

where U 1s the standard deviation, X; is the individual values of the
angles, N is the total mumber of angles measured, and X is the mean value
for the groove angle, Also, in coxparing doron and boron-free stesls, we
need to know O D. the standard deviation of the diffsrence of means. (f L
wAs calcuiated by ths sxpression

Tg? 2
Ip = “/ + 957 (5)
;é 1774

vhers J3 is the standard deviation for horon stsel, Np the total angles
measured for ths horon stesl, and O RF and Npp are the similar values for
the boron-free steel, The values of tlssa sigmas and the diiference o
the means for boron_and boron-free stesdls trsstsd similerly are tabulated
in Tadble II, wvkere Xp and Xpp are the mean values of ths sroove angies for

th2 horon and doron-free steels respectively,

WADC TR S5k-350 9
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TARLE II

Temperatwure Mean

of Groove
Steel Heet Etching  dagle ag Jdp 30 % -Xw

AISI 87BM&O 1830°F 47.13° B389 _ .
AIST 8740 1830°F W5.930  5.346 0689 2.067 120
AISI 87B4O 1600°F 14k 20° 4,765
AISI 8740 1600°7 w3490 3.8k 0572 1719 0.7
AISI 75 81B17 1650°F 144 .28° 2,770
AISI TS 8117 1650°F W3 kze  3.27w OMT 1.281 0.86

¥  DISCUSSIOK

It is appropriate now to discuzs tbs ss&pling probliem in measuring
the groove angles of the stseles utudied. If we section throughk a cylin-
drical sample of & poiycrystalline metal to view dihedral angies, we have
the possibility of (1) rotation of the angloe adout &n axis through the
sazple noraal to the top surface snd (2) rotation of the angles about an
axis pervendicular ¢¢ the azis of the sample, 1.2., p&rallel to the top
surface, It is inherent in forming the groove angles, by hsat et:hing
the top surface, not to huve rotation of type (2) above. Grooves are formed
only by thoee grain boundarjes in the plarme of the top surface and any
curvature of tha grain bensath iks surface will not affect the shape of ths
groove, (A typical depth of a groove is less tban a micron, compared to a
typioal grain circumference of 150 microns.) ?Tms, in forming the grooves,
t3ps (2) rotation is aliminated. By sectioning normal to the heat etched
surface, tiis type of rctetion is not introduced into the resulis of groove
angie measuremonts, If both types of rotation were present, we would ex—
pact a sproad of 0° to 180° for the groove anglea. Since the reeults show
a total spread of 24°%, which ie considerably less than a 0° to 180° spresd,
1t is evidant tbhat we heve only type (1) rotatiorn in ithe sampling provlem.

By polishing the samples on the side, we obtain & plane of view
gontaining the shape of the grooves at the steel-nickel interface. Thie
arbitrary trace can intersect tbe grocves mit positions other ihan normal,
which world not give the true angle., Steps were tsaken to minimixze the
error in sectioming by (1) measuring only those grooves whose angles had
the smallent values (a range of angles of true to 180° ii possible by suca
sectioning; wide, shallow grooves were not measured), (2) measuring only
thoge grooves which were completely symmsirical. Ideally, a perpendicalar
saction of ths groove is desired: otherwise, ths angle would be enlarged.
This we see that the typical 2Ub-degree spread contains both varying values
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of the groove angle itself and the spread of properly uectioning the
groove for measursment of the angle, Also the fact that omall orienta-
tion differences affect the value of the interfacial tension is not
considered to be of great importance. IFrom equation (3), if che inter-
facial emergy wae groatly reduced, the grocve angle would be quite large;
large angles vsrs 2ot contaiped in those measured, For these reasons
plus ihe fact that width and depth measurements were averaged for sash
angle, the accuracy of the uork 1s considered %c bs adeqguate, Distridu-
445 plots obtained compare favorably in shape with those found for gold
by Buttaer, Udin, and Wulfrf 9

As suggzested by Smith,l? for the sake of having numerical values

$0 compare, tho vaiue for ihs surtacs tsnsion of gamme iron was calcu-
lated by substituting Van Viack'sl8® value of 850 dynes per centimeter

for the interfacial tenzion of gamme iron and the value of the experiment-
ally determined zroove angles in equation (3). It 1s realized that this
vaiue wiii not be the true value, for the iron used for the 850 dynes per
ce value was saturated with copper and copper sulfide, and aiev we assume
$hat ihs surfece tension 20ew not chanze with varying orientation of ad-
Joining grains aand that boron hae no effect on the surface tension,®
However, the calculs’od valwe of 1544 dynes per sm for iths surface ternsion
ef gem=a iron will allov relative comparisons to be made betwoen boron
and boron-free steels,

Substituting the calculated value of E; and the mean groove angles
in equation (3), the calculeiione of By,¢ and the percent reductien of
Bint by boron in steels similarly treated are shown in Table III on the

following pege.,

¥e notice from Table II, for all the steels investigated, thai the
differerce in the neans of the groove angles is not statistically signifi-
cant, i.0,, it is poseiblc that the difference couid de due to chance
variatiocn only., However, the differences of means are rot coansiderabdly
less tham 30D, and comsidering the consistency of ths dais obiainsd, the

‘Sinco the normal doron adsorption effect in saustenite arpaars to
be a s0lid solution effect, it is reasocsble to assume that the degree
of adsorption at a given temperainure is iimited by the borok solubility
at that temperature, VWith this same limitation on both interfacial bound-
arise and free zurfaces, it would appear that the effoct porcentage-wise
ie greater on the interfacial tensiou then on surface tension and the
effects measured are likely a reflection of decrease of intarfacial ten-
sion relative to the surfacs tenslon. It is sxpected that hoth valuag
are influenced by the presénce of borom,
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TABLE IlI

Texperature of Msan Groove

Steel Heat Etching Angie 1m‘ % Reducticn
A1S1 07&-}"0 1&0” 1‘*7.130 873.3 3 5
AISI 8740 1830°F 145.93° 90k.5 *

AISI 87B40 1600°F 14 ,20° 5.3 1.9
AISI 8740 1600°F 143 .49° 966.9 .

AISI TS 81B17 1650°F 144,28 9%7.1 2.3
AISI Ts 8117 1650°F 143 42 969.0 )

*Estimated values

significance of ths differences of means might be considered borderline,
From the estimations of interfacial tensicns, listed in Table III, the
reductioa of the interfacial tensicn by boron is swkil, about Z percent
for normal austenitising temperatures. The significance of this small
reduction of interfacicl tension is uncertain. An estimate of the sisz-
nifisance of such a reduction in inverfacial energy i1s mmde diffiocult by
lack of the absolute gamma-alpba interfacial tersion, shape factor of

the nucleus and the correct strain energy term ic be used, Ths overall
eoffect would be tc increase slightly the tera involving the work of au-
cleation, which appears in the m'cbability factor in the classical expres-
sion for rate of nucleation. This term in general is mainly influenced
by the temperature, giving increasing probability of nucleus formation
vith decreasing temperature. Qualitatively, this reduction in interfacial
tension does not appear to be sufficient to affect sigaificently the
kinetics of anucleavioa. IDovsver, if ikEs work of nucieation is reduced

tc a considerable exient by the prs-existing gamma interface, this effect
might be significant,

Since the reduction of interfacial tension vas measured at concen-
trations of cne boron atom in 20,000 iron atoms, it does not seem losizal
that such low eonasntrations at th- grain bounderies could cause a maasur—
ublo offect, It is more lcgical that this reduction is caused by boron

ing adesorhed at the sustenite grain boundaries. The amount of boron
adaorbod should be limiced by the solubility of doron at the temperaturs
used, The concentretions of borcen can thus be increased to one toros atom
tn 6000 iron atoms at the mormal austenitizing temperature. Thus, it seems
that only by positive adsorption of boron in gemme iron can bderon concen—
trations be increazed to & value that is reaponsidble for the measuradle
rednction in the interfacial tsnsion,

87840 and AISI 5740 with the AISI TS

By caiparzzg 7D40
eatad at their normal Zustenitising

81B17 and AISI TS &€ 1

"!.
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texmperaturss, the results indicate that carbon composition bas little
offect on the rsiustiom af the interfaciasl tension of austenite by beron,
The slight increase in the difference of the means of the 0,20 percent
carbon steels over the 0.40 percsnt carbon steels iz not significsnt, and
may be due to incroased adsorption of boron at the grain boundaries be-
cause of the slightly higher temperature used in heat etching.

Interesting consequenc.es are found when reviewing the resulis
obtained. The data show that the Intarfasial tension of anstenitic grain
boundaries is graater at lower temperatures, indicated by smaller values
found for the groove angles at the lower tempeoratures. This is considerad
to be in agreement wit: previous thoughts on bousdary emaxgles, i.e., the
interfacial energy 1s lower at bigher temperatures and theoretically re-
duces %o sero &t thas critical point,

After acaenting the fact that positive adsorption of boron in gamma
iron sppears to be reuponsidble for the messurable reduction in interfacial
tension, we are concerned with the temperature ccafficient of adsorption,
A vositive coefficient would indioste increased adsorption with incressing
tamperature; a pegptive coeffinient wonlld indinate desresassd -""‘""3103
with increasins tempsrature. The results of this investigation indicate
that the temperature coefficicnt of sdsorption for doron in gamx= iron is
positive. This is exemplified dy the fact that differences in the groove
anglus of beron end boron-free steele at the lower temperatures used are
approximately one-half the differences in the angles at the higher teampera-
tures, These results are of interest in the work now being dens Ly cthers
to determine the nature of adsorptioc of horon in austonite.

¥X  COBCLUSIONS

From the results of this investigation, and the procedures used,
the following specific conclusions are reached:

(1) The method of heat stching, platimg, and sectioning normal to
the plated surface o measure groove angles formed is a satisfactory one
in determining the interfacial tension of grain boundaries. provided a
valoe for 4he surfacs tsncsion 2f the golld ia lmown

{2) ¥hils the diffsrencss of ths matn groova angles for bhoron and
baron-iree steels are not =iaiistically sigaificaat, the values of (X - Xpp)
and 30y &7e close encugh $¢ indicets the poasibility of a alight danrensn

in ths interfacial tension of austenite by doron additlcac to steels.

3) Since the boron concentsations are so low, the fast that we can
measure & reduction in the interfacial tension is expiained by boron show-
inz positive adsorption in gamma iron; the experimental results indicate
that the temperature coefficient of adscrption for boron in gamms iroxz is
positive,
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